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�
JHRFKHPLFNÞF

� � JHRI\]LNÂOQ\F
�
F\NORF

�
SUHELHKDMÛ�

FLF
�
PHG] � DWPRVIÊURX � ELRVIÊURX � K\GURVIÊUR � � OLWRVIÊUR � � SRðD 8 WÞFKWR

SURFHVR� M � RìLDUHQ ' KPRW � VLOQ � ULHGHQ '98 QHRìLDUHQRX � 7RW ( ULHGHQLH

]QLìXM �:2 R]RURYDWH�QRV� VSRPÎQDQÞF
�
HIHNWRY � .YÕ #;� VWUÂFDQL � V � PQRìVWYD

IUDJPHQWR�=< MDGURYÞF � UHDNF �;0>� QGXNRYDQÞF �@?BA Y RE\ðDMQR 6 SR]HPVNRP

PDWHULÂO � RVWÂYDM �C2 R]RURYDWH�Q  OH � G� � W\S� NRQFRYÞF � SURGXNWRY�

• UÂGLRDNWÎY DFE�G DGUÂ� SUHWRì � RVWÂYDM � Q � QHMDNH ðD 8 UR]R]QDWH�Q  RG
RE\ðDMQHM�KPRW� �

• DWÔPI Y]ÂFQ\ JLKNM O\QRY� SUHWRì � WLHW ( V � NYÕ #;� QHVFKRSQRVW � YÅ]E� QD
ðLDVWRðN� SUDFK � DOH OP( Y\WYÂUDQL � < OÛðHQÎ � �

H]ÛðDVW�XM � � IHNWÎYQ � QD

]PLH{DYDFÎF
�
F\NORFK 7 YÅð{LQ � LF

�
FHONRYÊ

� (Q(RO MHP � Q � =HP � V � QDFKÂG]D

Y DWPRVIÊUH�

&HO ' JHRVIÊUD � W � S�� DWPRVIÊU �T� � {HWN� ðDVW � =HPH � NWRU  V � SULDPR

DOH OP( � HSULDP ( Y\PLH�DM � PDWHULÂ # V DWPRVIÊURX � REVDKXM � ?UA SURGXNRYD�

Q  UÂGLRDNWÎYQ � L]RWRS\ � 5DGLDðQ ' � NWLYLW � ERO � SR]RURYDQ 'V� PRULDF
� � QD

GQ � RFHÂQRY��Y ELRVIÊU � � � SRYUFK �W2 ÕG\��Y SROÂUQ\F � �DGRYÞF
�
SRNUÞYNDFK�

Y SRYUFKRYÞF
�
VNDOÂF

� � � PDWHULÂORF
�
]YHWUDQÞF

�
] SRYUFKRYÞF

�
VNÂO�

0QRìVWY ( PHG]LSODQHWÂUQHS KPRW\ � YOLHWDMÛFHS G ( ]HPVNHS DWPRVIÊU\�

UHVS � GRSDGDMÛFHS Q � < HP � ERO ( Y\VWDYHQ  ERPEDUGRYDQL � ?UA SU �YX YVWXSRP

G ( DWPRVIÊU\ � ðÎ 6 Y QHS GRFKÂG]DO ( N QXNOHÂUQ\ 6 ]PHQÂ 6 � W ( M �[Z DO{Î
IDNWR � RYSO\Y�XMÛF � ]PHQ� NRQFHQWUÂF �\0 . ] Q � =HPL � * ?UA VDP (:( VHE � QLH
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M � ìLDGQR � YÞQLPNRX � -H ��� SÕYRGQ � ]ORìHQL � V � PRGLILNRYDO
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XNOHÂUQ\PL

NROÎ]LDP 
 Y REODVWLDFK ������ ERO
�
XUÞFK�RYDQ ��� URYQDN

�
D� SU 
�
 QWHUDNFLÂFK

V PHG]LKYLH]GQ\ � SO\QR � SRðD � WUDQ]LWX � 3UÎWRPQRV� SRPHUQ � Y\VRNÊKR

SHUFHQW � QÎ]NRSRðHWQÞF � HOHPHQWRY � WDNÞF � DN
�
OÎWLXP � EHUÞOLX ��� ERUÔQ � D

]ULHGNDYÞF
�

L]RWRSR��� N � �
+H � Y SULPÂUQR � ìLDUHQ � M � � ULVXG]RYDQÂ

WDNÊPXW
�
GUXK � WUDQVIRUPÂFLÎ � =H � ]ELHU ����� DWÔP� SRFKÂG]DM �! "� ] � 6OQND�

7LHW
�

YVWXSXM � � � ]HPVNH� DWPRVIÊU� � N � �
Î]NRHQHUJHWL  #��� $ DVWLFH�

3UDYGHSRGREQ � PÕì � VOQHðQ% PDWHULÂ & YVWXSRYD� D� SU 
 QÂUD]RF �'�)( ODNRY
VOQHðQHM�SOD]P\�

9Þ]QDPQ% SUÎVX � NR]PRJÊQQ\F
�
SURGXNWR� SRFKÂG *+� WLH , R � PHWHR�

ULWRY � DOH
(��

PHQ{ÎF
� �)(

MHNWR�-� N � PHWHRURLG�-� OH (.� PHG]LSODQHWÂUQ\

SUDFK � 0HG]LSODQHWÂUQ� SUDF
�

SULVSLH�"�0/1"232 WRQDP 
 GHQQH � 0HWHRURLG\�

NWRU � V � S
�

YVW �!�.�4� � DWPRVIÊU�5�+� SDUL �6� PHWHRULW\ � NWRU �7� RSDGQ � QD

]HPVN% SRYUF � SULVSLHYDM � UÂGRY
�
VWRYNDP 
 W �8� GHQQ � >�@�
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�� � 0RGHO� YÞSRðWR� SURGXNFL � NR]PRJÊQQ\FK
L]RWRSR��� DWPRVIÊUH

9 NODVLFNH� HSRFK � {WÛGL � VWÕ � ]DQHFKDQÞF 	�
� Y KPRW ��� RðÎQDMÛF
URNR ����������� NRQðLD ��� UYÞP � {WÛGLDP � PHVDðQÞF 	 Y]RUL ��� ER ��� XVNXWRðQHQÊ
GY � YHFL  %R ��� Y\YLQXW ! PHWÔG" Q � GHWHNFL # {LURNÊ 	%$ VSHNWU �'& LDUHQÎP
LQGXNRYDQÞF 	 ]PLH ()� ýDOH� ER �*� SRPRFR #)+ Â , QDPHUDQÞF 	 WÞPLW $ PHWÔGD�

P � Y\YLQXW ! PRGHO\ - NWRU !.+/� PRQ{WURYDOL - ì � WLHW $ HIHNW" SUHELHKD ��� DM

Y ýDOHNH� PLQXORVW �0�1&2� VWUHGQ ! LQWHQ]LW" * 
�3� 6 
4�65/$7�*� SRG� � VWÕS

Y PDWHULÂORF 	 ]KUXE � NRQ{WDQWQÊ�
9 VÛðDVQRVW � V 8 Y\YÎMDQ ! QRY ! PRGHO\ - NWRU ! V � SRNÛ{DM 89� UHVQHM{LH

VLPXORYD� SURFHV" SUHELHKDM 8:�;�<� U �=� QWHUDNFLÂF 	�
� V KPRWRX - SUHGRY{HW�
NÞ � V REMHNWP � VOQHðQH�?> ÛVWDY\  3UHVQ ! PRGHO" XPRì�XM 8@�A$ SRXìLWÎ

H[SHULPHQWÂOQ\F 	 GÂ ,CB HNRQ{WUXNFL # KLVWÔUL � MHGQRWOLYÞF 	D$75 MHNWRE 6OQHðQHM
VÛVW �FEG"�� N $ D� 6OQHðQH�H> ÛVW �FEG"I� N $ FHONX  üDOH� XPRì�XM 8 R]UHMPHQLH

Y]�DKRE PHG] � MHGQRWOLYÞP � MH� REMHNWPL - NRQNUÊWQ � QDSUÎNOD + Y]�DKRY

GYRML �;�KJ OQN $ML =HP�

6LPXOÂFLR #D� URFHVRE SUHELHKDMÛFLF 	 Y DWPRVIÊU � M � PRìQ ! RNUH � Xì

VSRPHQXWÊ 	%$ Y\XìLWL � WLH & REMDVQL� YSO"GEN"�E;� ULÂF ��O VOQHðQH� DNWLYLW"P� OHER
LQWHQ]LW" JHRPDJQHWLFNÊ 	%$ SR� � Q �RQ HPV ��8�� OÎPX - DOH 5C$ SRFKRSL� FLUNXOÂ�

FL � Y]GXFK # PHG] � MHGQRWOLYÞP � YUVWYDP � DWPRVIÊU\  2EODV� Y\XìLWL � PRGH�

ORY��UHVS��VLPXOÂF ��O M � YH�P � {LURNÂ�
%R �*� Y\YLQXW ! UÕ]Q � PRGHO"SQN� ORìHQ ! Q � H[SHULPHQWÂOQH� UHSURGXNFLL

LQWHUDNF �*O Y ODERUDWÔULÂF 	 DOH 5C$ ðLVW $ WHRUHWL ���T! PRGHO"KEN" FKÂG]DM 8A�;� ] UÕ]�

Q\F 	 I\]LNÂOQ\F 	 WHÔULÎ  9Åð{LQ � PRGHORE ERO � LF 	 NRPELQÂFLRX - W  �U QLHNWRUÊ
SDUDPHWU � Y\XìLW ! Y WHRUHWLFNÞF 	 YÞSRðWRF 	65C$V�*� H[SHULPHQWÂOQ �W# UðHQÊ
�QDSU  ÛðLQQ !X� ULHUH]\�  9 WÞFKW $ PRGHORF 	 V � PÕìHP � VWUHWQÛ� V $ VWRFKDV�

WLFNÞ � DOH 5C$Y( HVWRFKDVWLFNÞ � SUÎVWXSRP�

0RGH � SRXìLWZ /DOR �[� 3HWHUVR � >� \ Y\XìÎE]� H[SHULPHQWÂOQ �̂ 8A+ DMH
$ SRðW � Y\VRNRHQHUJHWLFNÞF 	 NROÎ] ��O �KYLH]GLF _ Y $ Y]GXFK #�# UðHQR �̀ � HUD�

QLDP � Y HPXO]LÂF 	)� SO\QRYÞF 	 NRPRUÂF 	 XPLHVWQHQÞF 	 Y UÕ]Q\F 	 ]HPHSLV�

QÞF 	 {ÎUNDF 	0�aE UÕ]Q\F 	^( DGPRUVNÞF 	 YÞ{NDF 	 �Y\XìLWL � YÞ{NRYÞF 	^5 DOÔQRY��
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.YÕ ��� RGOL{QRVW � WHUðRYÞF � PDWHULÂOR� R � ]ORìHQL ��� WPRVIÊU� ERO 	 SRWUHEQÊ

XVNXWRðQL� XUðLW 
�� RUHNFL �� ÂW � üDOH� ER ��� Y ODERUDWÔULÂF � SRPRFR ��� UÞFK�R�
YDðR� XUðHQ 
 YÞ�DìN� MHGQRWOLYÞF ��� XNOLGR� Q � MHGQ � KYLH]GL ����� U � QHUJLH
G 	������ *H��� H[WUDSRORYDQ 
 �"! S 	 HQHUJL  QLHNR�N 	$# H9 � 8UðHQ 
 ]ÂYLVORVWL
SURGXNFL  KYLH]GL � R � QDGPRUVNH� YÞ{N�%� & HPHSLVQH�(' ÎUN� ER ��� ]RY{HREHF�
QHQ 
)� VSRO � V XUðHQÞP � KRGQRWDP � YÞ�DìNR� MHGQRWOLYÞF �*� XNOLGR� QD

MHGQ � KYLH]GL ���+� RXìLW 
 Q �,�.- VOHGQ 
/� UðHQL 0� URGXNF �21 MHGQRWOLYÞF �43 1
Y DWPRVIÊU  Y ]ÂYLVORVW � R � QDGPRUVNH� YÞ{N�5�6& HPHSLVQH�7' ÎUN\ � 9 WRPWR

PRGH �2� M  WLH ! EUDQ 8 G 	 ÛYDK�6�9� YÞPHQ � PDWHULÂO � PHG] � MHGQRWOLYÞPL

ðDV�DP � JHRVIÊU\�
9ÞSRðW� /DO � � 3HWHUV � V :, {W  D� Y VÛðDVQRVW � SRYDìRYDQ 
�&;� NYDOLWQÞ

SRSL <=� DGURYÞF � SURFHVR�>� DWPRVIÊU ?�@�.� ND]XM : YH�P � GREU : ]KRGX

V H[SHULPHQWÂOQ\P � ÛGDMP � SURGXNF ��1 MHGQRWOLYÞF � NR]PRJÊQQ\F � L]RWRSRY

Y DWPRVIÊUH�

0RGH � SRXìLW- 2s%ULHQR A >�@ B >�� C Y\XìÎ�D� URYQDN 	 DN 	 SUHGFKÂ�

G]DMÛF � PRGH � H[SHULPHQWÂOQ $� UðHQ 
 YÞ�DìN� MHGQRWOLYÞF � NR]PRJÊQQ\FK

L]RWRSR� Q � MHGQ � KYLH]GLFX � 3RðH E KYLH]GL � M  Y{D ��� UðRYDQ-F� QDO\WLFNÞP
ULH{HQÎ A G ROW]PDQQRYH� URYQLFH B NWRU 8 SRSLVXM  DWPRVIHUL �H��:I� URSDJÂFLX
.ë � 7RW 	 ULH{HQL  M  ]DORìHQ 
 Q � SUÂF � >��@ J � .Ô ��� RXìLW- 2s%ULHQR A WUDQV�

SRUWXM �� URWÔQ\ B QHXWUÔQ�K� SLÔQ� � SRðÎW � SRðHWQRV� KYLH]GL � QRUPRYDQÛ

Q � MHGQRW �L� REMHPX � 3RPRFR � WHMW 	 PHWÔG� ER ��� XUðHQ 
 KRGQRW� SURGXN�
FL  MHGQRWOLYÞF �53NMO� LF � ]ÂYLVORVW � R � VOQHðQH� PRGXOÂFL �� LQWHQ]LW� JHR�
PDJQHWLFNÊ �P	 SR�D B NWRU 
 V : Y SU  Q9R & B Q9S % +� T %  Y GREUH� ]KR �U VR

VÛðDVQÞP � KRGQRWDPL�

0RGH � SRXìLW- %OLQRYR A >�� C Y\XìÎ�V� SRGREQRV� %ROW]PDQQRYHM

URYQL �D�� U  VWUHGQ 
W QHUJL  � XD��� 0H�ZY�[\Y]�L� *H9 ^ V 	 6FKU×GLQJHURYRX

URYQLFRX � $N 	 ULH{HQL �� RVW 8��D�(�;- �DìR �$� URGXNWR� NDVNÂGQH� LQWHUDNFLH � 9R
YÞVOHGQR A YÞSRðW  Y\XìÎ�D� ÛðLQQ 
7� ULHUH &_� XUðHQ 
 WHRUHWLFNR � DSUR[LPÂ�

FLRX � 3RPRFR � WHMW 	 PHWÔG� %OLQR� XUð ��� SURGXNFL  QLHNWRUÞF � NR]PRJÊQ�

Q\F � L]RWRSR��� DWPRVIÊU W� LF � ]ÂYLVORVW � R � VOQHðQH� PRGXOÂFL $�K� H�NRVWL
                                           ` a bdcfehgjilk�mon_prq"sut2qViukKvxwzy{prqD|r}~g���g��~q;m_bdcf�fn�pr��g�bLil��p���gjy�e9y.b�g�czc�t�wzqVvh��y���gjil��y���p"�~qDprcf���_�i�gjy��������r��g�bLiu��p��"|��ry�prqVp"��vxcfbVn�m �;cfp"gjt�qH�jyN H�
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LQWHQ]LW� JHRPDJQHWLFNÊ ��� SR�D � 3UH XUðHQ � ]ÂYLVORVW � ER ��� VNRQ{WUXRYDQÊ
MHGQRGXFK � DSUR[LPDðQ � IRUPXO� SRSLVXM 	�
� WLHW � ]ÂYLVORVW � Y XUðLWÞF � PH�

G]LDF � SODWQRVW � HPSLULFNÞP � IXQNFLDPL � 9ÞVOHGQ � KRGQRW� SURGXNF ��� MHG�
QRWOLYÞF ����� Y\SRðÎWDQ � WÞPW � PRGHOR � V 	 ]ÂYLVO � R ��� UHVQRVW � ]YROHQÞFK
DSUR[LPÂF ��� XUðXMÛFLF � H[FLWDðQ � IXQNFL � VSDODðQÞF � MDGURYÞF � UHDNFLÎ�

0RGH � SRXìLW� 0DVDULNR ��� 5HHG\ � >� � M � ]DORìHQ� Q � ULH{HQ � %ROW]�
PDQQRYH� URYQLFH � W � ��� WUDQVSRUW �! DVWÎF � PHWÔGR � 0RQW � &DUO � SRPRFRX

/& " �/$+( #%$&�'�(�)" \VWHP���8QLYHU]ÂOQ � 0RQW � &DUO � NÔG�+*,� KUQXW � Y /&6
Y\XìÎYDM 	 {SHFLÂOQ �-� DUDPHWU � Y\YLQXW �.� U � Y{HWN� QXNOHÔQ�/� WLH 0 ÛðLQQÊ

SULHUH *1�324�,2 LQXW �5� U � MHGQRWOLY � MDGURY � UHDNFLH � Y NWRUÞF � V 	%� URGXNRYDQÊ
.1��= NR]PRJÊQQ\F � L]RWRSR2 ER ��� 0DVDULNR �6� 5HHG\ � WLHW � NÔG� SRXìLWÊ
OH 7879�:24� SRðH ; SURGXNFL � <>= & � 3U � RVWDWQ � . � ER ��� WDNW � SRðÎWDQ � OH 7 WRN\

ðDVWÎ 
)� U � MHGQRWOLY � K�EN�?2 DWPRVIÊU �@� WLHW � WRN� ER ��� SRWR � VSRO � V ÛðLQ�

QÞP � SULHUH]P � SRXìLW �A� U � SULDPR � LQWHJURYDQ � SURGXNF ��� MHGQRWOLYÞFK
.1 � 7 �A� RXìLW �/	9 LQQ �B� ULHUH *1� V 	 E ��CD�FEG�H� ULPHQWÂOQ � ]LVWHQ � KRGQRW\�

DOH I(� V 	 W �J��� GQRW\ � NWRU �K� U � WHVWRYDQ � Y SUHGFKÂG]DMÛFLF � YÞSRðWRFK

SUHYDìQ �L� U �@�FE WUDWHUUHVWULÂOQ � Y]RUN� �PHWHRULW\ � PHVDðQ � Y]RUN\ M SUHXNÂ�
]D ��� DN � YKRGQÊ � 3URGXNFL � <>= $ Y\SRðÎWDQ N WÞPW � PRGHOR � YH�P � GREUH
VÛKODV � V QDPHUDQÞP � KRGQRWDPL � 'REU NA* KRG � V PHUDQLDP � ERO � WÞPWR

PRGHOR � GRVLDKQXW N?� M�SU �O� URGXNFL � L]RWRSR2 EHUÞOLD�
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323, ����� 8ë, �
	�� �  ������� 8

9 QD{LF � YÞSRðWRF � VP � V ��� HQRYD ��� XUðRYDQL ��� URGXNF ��� � H !"! LHNWR�
UÞFK NR]PRJÊQQ\F � L]RWRSR�$# 7DEX�N% � & SULðR ' VP �(� YDìRYD ����� H ! LFK

SURGXNFL �") DODNWLFNR � ]ORìNR �*� ULPÂUQH �,+.-0/21 .RQNUÊWQ � V 3 W + L]RWRS\465
%H & 7 %H & 8 9:� 8<; &O 1 3URGXNFL � L]RWR �=� 46> ? ! HERO � SRðÎWDQÂ & SUHWRì � YÅð{LQD

MH �,+ FHONRYÊ �,+ PQRìVW�@� Q � =HP � V � QDFKÂG #A�B� RFHÂQRF ��� SUHW +DCE% EROR
SU � WRPW + L]RWR �F�HG YÕ ��� VSUÂYQRVW � YÞVOHGNR� QXWQ IH� YDìRYD� MH �,+ YÞPHQX

PHG] � MHGQRWOLYÞP � VIÊUDP � JHRVIÊU\ 1 9{HWN% QDP � XYDìRYDQ I . J Y]QLNDMÛ

Y DWPRVIÊU � Y VSDODðQÞF � MDGURYÞF � UHDNFLÂFK�46>
1�1 � K ;� 465 %H� ���

4 ; 2�1 � 7 ;� 465 %H� ���46>
1�1 � L ;� 7 %H� ���

4 ; 2�1 �
465
;� 7 %H� ���46>

1�1 �
4NM
;� 8 +� ����

4 ; 2�1 �
46>
;� 8 +� ����><5

$U�1 � K ;� 8<; &O� ���� 8<; $U�Q � S�
M ; &O� ����

GEOF�P!��P� M � QHXWU QR!�� SURWÔQ &SJ M � QXNOHÔQ & K ; & 7 ; & L ; & 465 ; & 4NM T � 46> T VÛ

�XERYR�Q I PRìQ IUG RPELQÂFL �WV DVWÎ X V FHONRYR � DWÔPRYR � KPRWQRV�R � URY�

QR �ZY ����������������UHVS�����
=HPV G[3 DWPRVIÊU � VP � PRGHORYD ��� DN + VIÊULFN\ RED � V YQÛWRUQÞP

SRORPHUR ' ]_^a`[bcG P d � KUÛENR �:egf_f$G P 1 -Hh HOHPHQWÂOQ � ]ORìHQL � EROR

��� YHi 1 & ��� jHilk�� ���̂i $U m 1 $WPRVIHULFN\ RED � VP �WG YÕ ��� ]DSRðÎWDQLX
]PLH ! DWPRVIHULFNHh KXVWRW%n� WHSORW%n� WLH o NYÕ ��� XUðHQL � K�ENRYHh ]ÂYLVORVWL
WRNR� ðDVWÎ X UR]GH ������� Q �p̂_Y VIÊ q V KUÛENR �.^[fr)cX Ps M 1 lWUXNWÛU � KXVWRW%D�
WHSORW%�� WPRVIÊU% ERO �B� ]KR O=� V 8�6 1 6WDQGDU O $WPRVSKHU � PRGHOR ' ] UR�G[�HeutR`[] >��@��7RWÂOQ � KUÛEN �v� WPRVIÊU% ERO �we@fÊÊn)�X Ps M �

9 QDVOHGXMÛFLF � ðDVWLDF � SUÂ X@� UR]REHULHP � VSÕV +xC PRGHORYDQLD

MHGQRWOLYÞF � SURFHVR� GÕOHìLWÞF � ] K�DGLVN � SURGXNFL �BG R]PRJÊQQ\F � L]RWR�

SR�y� DWPRVIÊUH�

                                           z {}|A~H���u����~�����|����������}�������y�A������� ����~����y���u���@~�|A��� ~¡ ¢ £¤�g���[�g��¥¦�¨§©�}�g���[ª¦�,«}~��g���[�@�6�¬�g�®¯«���|��°�|��[�¬��¯«x 
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�� � 3URSDJÂFL � NR]PLFNÊ ��� ìLDUHQL � Y KHOLRVIÊU � D
]HPVNH� DWPRVIÊUH

���� � 6OQHðQ � PRGXOÂFLD
7R 	�
 ULPÂUQH ������ Y VOQHðQH��� ÛVWDY � Y REODVW � REHìQH� GUÂK\ =HPH

� MH �� ]ORìHQL � V � PHQ � SRðD � ��wURðQÊ �� F\NO � VOQHðQH� DNWLYLW\ � 6OQHðQÂ
VÛVW ����� M � QDSOQHQ � H[SDQGXMÛFR � LRQL]RYDQR � 
 OD]PRX !"� OQHðQÞ # YHWURP�

NWRU$ M � YRQNDM{R �&% DV�R � VOQHðQH� NRUÔQ\ ! SUÛGLDFR � R ' ( OQND ! Y\QÂ{DMÛFRX
QHKRPRJÊQQ � PDJQHWL )�	+*,
 ROH �-�.� V � Q � WÞFKW 0/ HKRPRJHQLWÂF � PQRKR�

QÂVREQ � UR]SW\�XMH �1��� PLP 2� HOLRVIÊU3 GLIXQGXM �4'5 MH� YQÛWU �6� SRðDV

WRKRW  GLIÛ]QH �� SURFHV �7
 RGOLHK � VSRPD�RYDQL � � � GLDEDWLFNÊP � RFKOD�

G]RYDQL �8
 URGXNRYDQÊP � VOQHðQÞ # YHWURP � 9ÞVOHGQ * VSHNWUX # 9:�.� SR

SUHMGHQ � PHG]LSODQHWÂUQ\ #;# ÊGLR # SULEOLìQ � ]RGSRYHG � VSHNWU ��
 URGXNR�
YDQÊP � KHOLRFHQWULFNÞ # HOHNWULFNÞ # SRWHQFLÂORP ! NWRU * E3 PDO </ � =HP�

VNR # RUELW � KRGQRW � URYQ =>� QHUJHWLFNÞ # VWUDWÂ # �.� Y LQWHUDNFLÂF � VR

VOQHðQÞ # YHWURP � $N  VOQHðQ � � NWLYLW � QDUDVW � � NOHV � SRðD � ��wURðQÊKR
VOQHðQÊ �� F\NOX ! WD 	 QDUDVWDM = � NOHVDM = D� HQHUJHWL )�	+* VWUDW3?�.� Y SULHQLNX

PHG]LSODQHWÂUQ\ #@# ÊGLR # N ]HPVNÊP � RUELWX�
1 �A� 3 MDGUHQL � YH�NRVW � VOQHðQH� PRGXOÂFL � VP �B
 RXì �DCE� PRGXODðQÞ

SDUDPHWH F Φ � 6OQNR # # RGXORYDQ * VSHNWUX # �.� Y EOÎ]NRVW � =HPVNÊKR

RUELW � VP �G
 RSLVRYD CD� Y]�DKR # ��� � 9  YÅð{LQ � QD{LF � YÞSRðWR� VP �H
 RXìLOL
OH / MHGQ � KRGQRW � PRGXODðQÊ �� SDUDPHWUD ! Φ I0JKJ+L 0H9 ! NWRU � M � YH�PL

EOÎ]N  SULHPHUQH� KRGQRW �&M � SRVOHGQÞF �B/ LHNR�N  PLOLÔQR� URNRY � 9 QLH�

NWRUÞF � YÞSRðWRF � VP � KRGQRW3 SDUDPHWU � Φ PHQ �DCE� R 'NLO'5QPRLKL+L 0H9

V NURNR #SP�L+L 0H9 � 7LHW �� UDQL )��T
 DUDPHWU � VOQHðQH� PRGXOÂFL � VP � Y\EUD�
CD� SRG� � VNXWRðQ �U
 R]RURYDQÊ �� LQWHUYDO � MH �� YH�NRVWL � +RGQRW � Φ PDOD

WDNPH F QXORY = KRGQRW � Y ðDV � 0DXQGHURY �� PLQLP � VOQHðQH� DNWLYLW\

Y URNRF �6PRVXW+JZY[PZ\]P�J >��@ � 6OQHðQ � � NWLYLW � SULEOLìXMÛF � V � KRGQRW � Φ I�P�L+LKL
0Ĥ ERO � GRVDKRYDQ � SRðD � QLHNWRUÞF � PD[Î # � WLH _ SRðD � QLHNWRUÞFK

VLOQÞF � VOQHðQÞF � HUXSFLÂFK�
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���� � *HRPDJQHWLFN � SROH

0DJQHWL ������� RO 	 =HP 	 RGFK\�XM 	 YVWXSXM 
���	� DVWL ��	���� Y ]ÂYLVORVWL

R � LF � ULJLGLW��� XKO ��� OHWX � SULðR � SU 	�� DìG� XKR � YOHW  M 	!� KDUDNWHULVWLFNÂ
XUðLW " KRGQRW � FXWR #$#&% LJLGLW\ ' &XWR #$#&% LJLGLW�(� QHYHUWLNÂOQ\F � VPHURF � VPH

XUðRYD �*) ] + VYHWRYH,.- LHWH YHUWLNÂOQ\F � FXWR#/#0% LJLGÎ 1!2 �� 3 SRPRFR  PHWÔG\

>�� 3 DSOLNXMÛFH, Q � WHQW + SUREOÊ � (XOHURY 	4� RWHQFLÂO\ � NWRU � ER �5) SÕYRGQH
Y\YLQXW � Q � SRSL - JHRPDJQHWLFNÊ �6+ SR� �.� SUREOÊPRF � VÛYLVLDFLF � V SRK\�

ER � QDELWÞF � ðDVWÎ � Y WRPW + SROL ' 9HUWLNÂOQ 	!�� WR #$#�% LJLGLW�7� QD{R � VLDKDMÛ

R �98 Y EOÎ]NRVW ) JHRPDJQHWLFNÞF � SÔOR� S + ��� :<;>= Q � URYQÎNX ' .YÕOL
SUHPLH{DYDQL  DWPRVIÊU� ERO +@?A� XUðHQL 	CB OREÂOQH, SURGXNFL 	C� RWUHEQÊ
LQWHJURYD� SURGXNFL 	 MHGQRWOLYÞF �D�&EF�HG LQWHUYDORF � V UÕ]Q\P ) KRGQRWDPL

FXWR #$#I% LJLGÎ 14% RYQRPHUQ 	 UR]GHOHQÞP ) Y LQWHUYDO 	J8LK�M�N � :O;�=P� Q �RQS"T� HU
XUREL� SULHPH % YÞVOHGNR� FH Q FHO 
 =HP�

9 PRGH �*) QDP ) SRXìLWÊ �6+ JHRPDJQHWLFNÊ �6+ SR� � ERO �UQV� QHGEDQÂ
RGFKÞON � VNXWRðQÊ �6+ PDJQHWLFNÊ �6+ SR� � =HP 	 R � PDJQHWLFNÊ �6+ GLSÔOX�

NWRU " M 	 VSÕVREHQ " QDMP W WYDUR � =HP 	X�Y� SO\YR � WOD �Z VOQHðQÊ �6+ YHWUD�

7ÂW +[+ GFKÞON � VSÕVREXM 	 ]ÂYLVORV� FXWR#/#�% LJLGÎ 1 DM�R � ]HPHSLVQH, G�ìN\ ' 9 QD�

{R �9� RGH �5) VP 	H� RXì )*�5) YHUWLNÂOQ 	4�� WR #$#\% LJLGLW� SU 	YM�]̂ 8 ° ]HPHSLVQH, G�ìN\
Q �_�S� FKR � R � *UHHQZLFKVNÊ �6+ SROXGQÎND�

9Åð{LQ � QD{LF � YÞSRðWR� ERO � XVNXWRð�RYDQ " SU 	 VÛðDVQ 
 KRGQRWX

LQWHQ]LW� JHRPDJQHWLFNÊ �6+ SR�D��9 QLHNWRUÞF � YÞSRðWRF � VP 	 MH �6+ LQWHQ]LWX
QÂVRE )*�5) PXOWLSOLNDðQÞ � IDNWRUR � 0 � NWRUÊ �6+Y�6+ GQRW  VP 	 PHQ )5�*) R �̀ 8!� R
�� 8 V NURNR � ���� ' 7LHW +a� UDQL ��	 LQWHQ]LW� PDJQHWLFNÊ �6+ SR� � =HP 	 VPH

Y\EUD �5) SRG� � VNXWRðQ 	H� R]RURYDQÞF � ]PLH ? LQWHQ]LW\ ' 9 REGRELDF � SUHGSR�

NODGDQÊ �6+ SUHSÔORYDQL � JHRPDJQHWLFNÊ �6+ SR� � �]ÂPHQ � SÔORY b V � PRKOD

YH�NRV� LQWHQ]LW� JHRPDJQHWLFNÊ �6+ SR� � SRK\ERYD� RNRO + ����wQÂVRENX

MH �6+ VÛðDVQH, KRGQRW\ ' 7HQW + SURFH - PRKR � SUHEHKQÛ� SU 	c�ed̂ dI8f8̂ 8 URNPL

�5DLVEHFNR� SÎN� � NHG� SRG� � GÂ 1 ]ÎVNDQÞF � ] XVDGHQÎ ? Y SROÂUQ\F � �DGRY�

FRF � GR{O + N YH�NÊPX ]YÞ{HQL  g� URGXNFL 	 QLHNWRUÞF �h�>E >��@ ' 9H�NRVWL
LQWHQ]LW� URYQH, ���wQÂVRE �Z LQWHQ]LW� PDJQHWLFNÊ �6+ SR� � =HP 	 V � SULEOLìX�
M 	 KRGQRW � LQWHQ]LW� PHUDQ " SRðDV�DQRPÂOLÎ�
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���� � $WPRVIHULFN � SURSDJÂFL � ðDVWÎ � NR]PLFNÊK � ìLDUHQLD

7UDQVSR ��� ðDVWÎ �
	�� Y ]HPVNH DWPRVIÊU ��� RSLVXM � %ROW]PDQQRYD

URYQLFD � - � W � LQWHJUÂOQR�GLIHUHQFLÂOQ � URYQLFD � NWRU � SRSLVXM � VSUÂYDQL � VD

]ULHGHQÞF � ]KOXNR� ðDVWÎF � %RO � RGYRGHQ � � UR ��� �����! "#�%$ ZLJRP
%ROW]PDQQR & Q � {WÛGLX & YODVWQRVW ' SO\QRY � 5RYQDN � V �(�*) �DKXM � D QD

SULPÂUQ �+� VHNXQGÂUQ �-, DVWL �.� .ë /0 DGUÂ � OHSWÔQ\ � PH]ÔQ\ � EDU\ÔQ1
�
HQHUJHWL �2�43 IRWÔQ\�

%ROW]PDQQR�.� URYQLF � M � URYQLFR �5� RQWLQXLW16��� IÂ]RYR & SULHVWRUH

Y\WYRUHQR & ] WURF � SULHVWRURYÞF � VÛUDGQÎ �7�8�9� OLGRYVNÊ �#� SULHVWRUX � NLQHWLF�
NHM�HQHUJL �:� VPHU �6� RK\E �;, DVWÎF�
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% > %ROW]PDQQR� RSHUÂWR � SU �?, DVWL �.� W\ �@� L�

σι ÛðLQQA SULHUH )�� EVRUSFL �B� U �:, DVWL �.� W\ �C� L�

G > SUDYGHSRGREQRV� UR]SD $@� Q � MHGQRWNX SUHOHWHQH Y]GLDOHQRVW D SUH
QHVWDELOQ 3:, DVWL �*� �QDSU��PLÔQ1E� OH F � SLÔQ\ G � \ �C� L�

6 > EU]GQ � VLO � SU � QDELW 3?, DVWL �.� W\ �@� L �SU � QHQDELW 3?, DVWL �.�:H ��
Φ WR �I, DVWÎ � Y PLHVW � [��V HQHUJLR � (��Y VPHU � &

ω< �J� ðDV � W�
4 > K fVFDWWHULQJ�GRZQ L LQWHJUÂO � SURGXNFL � ðDVWÎ � W\ �C� L V � VPHUR & &

ω<
V HQHUJLR � ( Y ER $C� [ � Y NROÎ]LÂF � V MDGUDP D DOH F � UR]SDGR & ðDVWÎF

W\ �C� M V � VPHUR & &

ω< ' SU D Y\{{HM�HQHUJ DMD ( N �
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σ � � GYRMLW� GLIHUHQFLÂ � ]DKU�XMÛF � ÛðLQQ� SULHUH � SU ��� URGXNFL 	�
 DVWÎF
W\ ��	 L V HQHUJLR 	 (  VPHUR � &

ω� SU � NROÎ]LÂF � DOH ��� UR]SDGR � ðDVWÎF

W\ ��	 M V HQHUJLR 	 ( �  VPHUR � &

ω� � �
β � UÞFKORV� ðDVWL ��� W\ ��	 L Y]K�DGR � Q  UÞFKORV� VYHWO  � Y ��F��
7 � VWUHGQ � GRE �� LYRW  ðDVWL ��� W\ ��	 L Y SRNRMRYHM�VÛVWDYH�

F UÞFKORV� VYHWOD�

=ORìLWRV� ULH{HQL  WUDQVSRUWQH� URYQL ��� M ��� YLGHQWQÂ � 9 � Y{HREHFQRVWL

H[LVWXM ���! "�#� NODGQ $ � UÎVWXS% N ULH{HQL 	&	 YHGHQÊ �'� SUREOÊPX ( DQDO\WLFN�)
VWRFKDVWLFNÞ � 9 QD{R �*� RGH �+� VP � DSOLNRYD �+� DQDO\WLFN� SUÎVW 	,� ]DORìHQ� QD
3DVVRZRYHM�DSUR[LPÂF �-� >��@��7ÂW � VSRðÎ   QDVOHGRYQÞF � DSUR[LPÂFLÂFK�

i) ðOHQ% � RGSRYHGDM � ���.� ODVWLFNÊP 	 UR]SW\OX / PQRKRQÂVREQÊP 	 &RX�

ORPERYVNÊP 	 UR]SW\OX / UR]SD � 	0
 DVWÎ �1 NRQWLQXÂOQHP 	 VSRPD�RYD�

QL 	 V   WUDQVSRUW � ]DQHGEÂYDMÛ�
ii) LQHODVWLFN� ÛðLQQ� SULHUH � V  SRYDìXM �2�3 QH]ÂYLVO� R � � QHUJL � D� RG

W\ ��	4
 DVWLFH�
iii) SRXìÎ  V 5 SUR[LPÂFL  SULDP � YSUHG / W � �6� SU �7� UDYGHSRGREQRV�

UHDNFLH / Y NWRUH� Y]QLNDM � 
 DVWL ��� W\ �8	 L V HQHUJLR 	 ( OHWLD �9� Y VPHUH
&

ω� SU � NROÎ]LÂF � DOH ��� UR]SDGR � ðDVWÎ � W\ �8	 M V HQHUJLR 	 ( :; OHWLDFLFK
 VPHU � &

ω� � ��SODW < Y]�DK

( ) ( ) ( )P E E P E Ei j i j, � , , � , � �& &

ω� ω� = ⋅ −δ ω ω � ����

7LHW � SUHGSRNODG% V � � RPHUQ � � REU � VSOQHQÊ / D = V   %ROW]PDQQRYH� URYQL�
F � REPHG]ÎP � Q  HQHUJL �>� UHY\{XM � ����?9@A@ 0H9 � $SOLNÂFL  3DVVRZRYH� DSUR�
[LPÂFL � YHGL � = ]QDðQÊP 	 ]MHGQRGX{HQL 	 WUDQVSRUWQÞF � URYQÎF / NWRUÞFK
DQDO\WL � =B$ ULH{HQL � M � PRìQ $ Y\MDGUL� QDVOHGRYQÞP � Y]�DKP � SU � WRN% SULPÂU�

Q\F �4 VHNXQGÂUQ\F � ðDVWÎF�

( ) ( ) { }J n E J Ei
p

i
p

i, = ⋅ − ⋅0 exp nΣ � ����
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FL � YVWXSXMÛFHM�ðDVWL ��� W\ �	� L�

Q KXVWRW ��� WÔPR� WHUðRYÊ ��� PDWHULÂOX�
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��� R ( W\SR�)� HQHUJ �$* ðDVWÎ � N �WHM�JHQHUÂFLH�

, + �[� K\SHUEROLFN � %HVVHOR��� IXQNFLD�

5LH{HQL � ��� " � ��� " SUHGSRNODGDM �,� ROP� GRSD ( YVWXSXMÛFLF � ðDVWÎF

Q � WHU - UHSUH]HQWRYDQ� QHNRQHðQ � KUXER � YUVWYRX . 9ÞVOHGQ� WR �/- DVWÎ � W\SX
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�� � 3URGXNFL � NR]PRJÊQQ\F����� NOLGRY

���� � 9ÞSRðH � SURGXNF 	�
 NR]PRJÊQQ\F � QXNOLGRY

3URGXNFL � UðLWÊ ������� Y VIÊU � Y K�E ��������� WPRVIÊU � VP ��� RðÎWDOL
SRG� � �"! �DKX

( ) ( ) ( )P D N E J E D dEi ik k k k k
ki

=
∞

∫∑∑ σ   ,
0

� ����

��#$� 1 % M �&� RðH ' DWÔPR� WHUðRYÊ ��� HOHPHQW  L Y MHGQR ( JUDP � PDWHULÂOX

Y]RUN\ ) σ % * �( * + M �-,/. LQQ0 SULHUH ! SU ��� URGXNFL 1# DQÊ ���2��� ] WHUðRYÊKR

HOHPHQW  L ðDVWLFR  W\ �3 N V HQHUJLR  ( * � - * �( * � ' + M � WRWÂOQ4 WR �5. DVWÎ 6 W\SX
N V HQHUJLR  ( * Y K�E ��� ' Y DWPRVIÊUH 7 7RN4 ðDVWÎ 6 - * �( * � ' + ER 8:9 XUðHQ ; ULH{H�
QÎ ( < ROW]PDQQRYH= URYQL 6>� VSÕVRER ( SRSÎVDQÞ ( Y SUHGFKÂG]DMÛFH= ðDVWL

SUÂFH�

3U 9 SRðÎWDQ ? SURGXNF 9:? VP �� YDìRYD 8:9@8 H A UHDNFL � LQGXNRYDQ ; QHXW�

UÔQP 9B� SURWÔQPL 7 $OI � ðDVWL 6>� ER 8:9 S � YVW /�$�C#$� DWPRVIÊU4 EUDQ ; DN � {W\UL

QHYLD]DQ ; QXNOHÔQ4 �G�>� SURWÔQ4D� G�>� QHXWUÔQ\� ) SULðR ( ER 8 YÞVOHGQÞ
HIHN ' DSUR[LPRYDQ0 VXSHUSR]ÎFLRX 7 9Þ�DìR � . � Y UHDNFLÂF � LQGXNRYDQÞFK

SLÔQP 9 VP � ]DQHGEDOL ) SUHWRì � V � SRG� � PHUDQ ?E�F�G0 SRðWR� SU �H�JI WUDWHU�
UHVWULÂOQ � Y]RUN4 XND]XMH ) ì �K� RPH L PHG] 9 YÞ�DìNR ( ] SLÔQRYÞF � UHDNF 9M? D
QXNOHÔQRYÞF � UHDNF 9M? M ��� R # KUDQLFR N� UHVQRVW 9 QD{LF � YÞSRðWRY 7 7DNLVWR
VP � ]DQHGED 8:9 YÞ�DìN4�! UHDNF 9:?39 QGXNRYDQÞF � SUHQLNDYÞP 9 PLÔQPL ) NWRUÞFK
SUÎVSHYR � V � VW OP�"� GÕOHìLWÞ (��RQS�"� YH�NÞF �&� �ENDF � �a�� T UV6 PWYX � 7 3UREOÊPX

ÛðLQQÞF � SULHUH]R� M � YHQRYDQÂ QDVOHGXMÛF � ðDV� NDSLWRO\�

���� Z »ðLQQ [ SULHUH]\ S ]_̂ SURGXNFL ` NR]PRJÊQQ\F � QXNOLGRY
Y VSDODðQÞF � UHDNFLÂFK a SRXìLWb NÔG

1DP 9 SRXìLW ;c,d. LQQ ;e� ULHUH !f4 SU � UHDNFL � �� +g�RQ ��� + SURGXNXMÛFH
MHGQRWOLY ; . � V , ]QÂ]RUQHQ ; Q � 2EUÂ]NRF �ihD� � 7 3RXì 9M8:9 VP ��� RGREQÊ
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KRGQRW� ÛðLQQÞF � SULHUH]R��� N ��� >�@ � 3U � UHDNFL � Q � N\VOÎ 	�
 ER �� SRXìLWÊ
ÛðLQQ ��� ULHUH ��� WHVWRYDQ � Q � VLPXOÂFLÂF � SU � PLPR]HPV 	�� Y]RUN��� >�� � D
>��@ � 9ÞEH � ÛðLQQÞF � SULHUH]R� SU � UHDNFL � Q � GXVÎ 	�
���� UJÔQ � M � EOLì{LH

REMDVQHQ� ýDOH��� 3U ��� URGXNFL 
 � � ER �� SRXìLW �� "! LQQ �#� ULHUH ��� SRG� � >��@

�2EUÂ]R 	%$ D��
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3U � UHDNFL � ���
���

���
�
V SURWÔQP � ER ��� SRXìLW �	��
 LQQ �� ULHUH �����

>��@ � NWRU �� R ������� 0H� ]RGSRYHGDM � UHDNF ��� ��� $U�S�αQ� ��� & � V SUDKRYRX
HQHUJLR  OH ! �� " 0H9 # 3U � UHDNFL  ��� $U�Q�S�Q� ��� & � ER �$� SU �%� QHUJL � QDG& � 0H� SRXìLW � WL � LVW �'��
 LQQ �(� ULHUH �)� � N * SU � UHDNFL  ��� $U�S��S�Q� ��� & � D
SU � QLì{L �+� QHUJL �,�-
 LQQ. SULHUH � NOHVD � N QXO � Q

�
HQHUJ ���/�0� 0H9 # »ðLQQÊ
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9;:=<?>A@CBED1F GIHCJLKMKONQPSRTJVUWR?UWXTYZPSR[UZ\�]^U`_bacYdR?U 7 aEeCJLUEf�\ ag_$hiRkjceClnmpo+PSR[h=qirsaEht\ 7 KONaghuX�vwhixENWKMKOUyJLXzhu_bhuPEY { |}f {$~ ����� 7 f 80�z�
»ðLQQ ��� ULHUH �)� SU ���� VÎ 4 �(� UJ ��!! HER �$� WHVWRYDQ � DN * W *���* O * SUH

N\VOÎN � WDNì � M � �Dì 40� RGKDGQÛ� LF 2 SUHVQRV� # &K\E� ÛðLQQÞF 2 SULHUH]R� SUH

SURWÔQP ��� QGXNRYDQ � UHDNFL � V ��� UDYGHSRGREQ � URYQDN * YH� 4�� DN *,! HSUHV�
QRVW �y� F 2 PHUDQÎ � ]Y\ðDMQ � Y UR]PHG] � ��w��� # 1HSUHVQRV� SU � UHDNFL  ���

V QHXWUÔQP � M ��� RG� � >�� � RNRO * ��� # 1HSUHVQRVW � Y ÛðLQQÞF 2 SULHUH]RFK

Y RVWDWQÞF 2�! HXWUÔQP ��� QGXNRYDQÞF 2 UHDNFLÂF 2 V � QH]QÂPH � DO � RGKDGXMH�

P � LF 2n! � ��w����

3U � YÞSRðWRF 2 VP � Q � XUðHQL ����
 LQQÞF 2 SULHUH]R� SU � VSRMLW. LQWHUYDO
HQHUJL �3� RXì �$�����$� QHÂUQ  LQWHUSROÂFLX�
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1DP � SRXìLW� NÔ � Y\FKÂG ����� NÔ ���
	 RXìLWÊ �� 2s%ULHQR � >��@ � 1D

UR]GLH � R � 2s%ULHQ ��� QD{R � NÔ ��� QHSRðÎWDP ��	 RðH � KYLH]GL � QRUPRYDQÞ

Q � REMHP � DO � WRN� ðDVWÎ � Y ]ÂYLVORVW � R � K�EN��� DWPRVIÊUH � SULðR � SU ��� DìGÛ
K�E ��� V ��	 RðÎWDQ � WRN� ðDVWÎ � Y SÅ�GHVLDWLF � �SU � QHXWUÔQ��� GHYÅ�GHVLDWLFK�
HQHUJHWLFNÞF � LQWHUYDORF � SU � RVH � UÕ]Q\F � XKOR� VPHU � 	 RK\E �"! DVWÎF
Y]K�DGR � Q �#� HUWLNÂOQ� VPHU � .RQNUÊWQ � M � Y NÔ ��� ]DKUQXW� WUDQVSR $�� PLÔ�

QRY � SLÔQRY � SURWÔQRY � QHXWUÔQR� �YUÂWDQ � WHSHOQÞFK� � HOHNWUÔQRY � SR]LWUÔ�
QR�%� IRWÔQRY � 9 WRPW � NÔ �&� M � ]DEXGRYDQ� NÔ �'	 RXìLW� %ODQGR �(� &LRQLP
Q �)�*� SRðH � FXWR+,+-$ LJLGÎ � Y QHYHUWLNÂOQ\F � VPHURF � >��@�

9VWXSQ �.� ÂW � NÔ ��� V � YHUWLNÂOQ �/�0� WR +1+�$ LJLGLW\ � ]HPHSLVQ 2 {ÎUND�

WHSORW ���3� GXFKX��WOD � Q � KODGLQ � PRU �4� PRGXODðQ� SDUDPHWHU�
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VÛðDVQ ' YH�NRV� LQWHQ]LW# JHRPDJQHWLFNÊ �2� SR� � �0  �����
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.�@?4/BA FPCED Y\SOÞYD � ì 	F( U 	 QHXWUÔQ#6�G< SU 	F( URWÔQ# MH
RGUH]ÂYDQ � VSHNWUX � G � HQHUJL 	�HI�J/ *H9 $ 1 � URYQÎ 
.� Y K�E 
K	6?4/6A%� PCED MH
ðDV� SURWÔQRYÊ �2� VSHNWU � SR � WRXW ���2� GQRWR �L	 QHUJL 	 WYRUHQ !I�M* KUDGQH
VHNXQGÂUQ\P  SURWÔQPL���1D � WRXW � HQHUJLR � V �N� VSHNWU 	 REMDYXM 	 KUE
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UHSUH]HQWXMÛF \ SULHQL ]_̂ ULPÂUQ\F ` Y\VRNRHQHUJHWLFNÞF ` SURWÔQRa G b DWPR�

VIÊUced LF ` SUÎVSHYR ]f] WR ]hgji DVWÎF k 9 VSHNWU l QHXWUÔQRa KU m SUHGVWDYXMH

]YÞ{HQL ln̂ URGXNFL l Y\VRNRHQHUJHWLFNÞFp̀o HXWUÔQRaqa GÕVO l:rs]�g LQWHUDNFLÎ

SULPÂUQ\F ` Y\VRNRHQHUJHWLFNÞF ` SURWÔQRY k 9 VSHNWUÂFt̀o�d SÔORF ` V d WHQWR

KU muo HREMDYXMH��QHGRFKÂG vNd WD w N RGUH]ÂYDQL g QÎ]NRHQHUJHWLFNHM�ðDVWL��3UH
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SURWÔQRd V K�ENR fhg UDNWLFNP QHPHQÎ i QHF a X j KRYRUÎP SUb DNHMNR�Y S&k ]HPH�

SLVQHM�{ÎUNH�

3ULQFLSLÂOQ\ l FKDUDNWHULVWLFNÞ l U\VR l K�ENRYHm ]ÂYLVORVW n WRWÂOQHKR
WR kYf QHXWUÔQRY o �2EUÂ]NP\V9X[_ �� p M S PD[LPX l Y QDGPRUVNHm YÞ{NH ]RGSR�
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]HPHSLVQÞF a {ÎUNDF ay_ M S VSÕVREHQ z YÞUD]QÞ l SRNOHVR l KXVWRWP QHXWUÔQRY

Y b YH�NÞF a|{ DGPRUVNÞF a YÞ{NDF a NYÕ }~nen F a ÛQL k�f ] DWPRVIÊUP�_ UR]YRMRP

NDVNÂGP VHNXQGÂUQ\F a ðDVWÎ R Y b YÅð{ÎF aha �ENDFK�
'ÕOHìLWÞ l SDUDPHWUR l WRWÂOQ\F a WRNRd M S[S IHNWÎYQ _ G�ìN _ WOPHQLD
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W b�a UÛEN _@d Z\R P] ^ i S b SUHMGHQ � NWRUHm���_ WRWÂOQP WR k ]PHQ{ � Q _ 1
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SÕYRGQHM

KRGQRW\
w
7HQW b SDUDPHWH ` M S PRìQ z�f UðL� OH { SU S WL S�� DVW n ]ÂYLVORVW n WRWÂO�

Q\F a WRNRd R � K�EN\ i Y NWRUÞF a V _ WÂW b VSU �1d9_ H[SRQHQFLÂOQH
w
9 QDPL

XUðHQÞF a WRWÂOQ\F a WRNRF ar{ HXWUÔQRd�_ SURWÔQRd Q _ URYQÎ kYf�_ Q _ SÔORFK

�2EUÂ]NPrV/X�_ �� p SR]RUXMHP S REODVW n�� SULPÂUQ S�S,��g RQHQFLÂOQR f ]ÂYLV�

ORV�RX���1 _ URYQÎ k�f M S W b�b�� ODV� dr_ WPRVIHULFNÞF a�a �ENDF a SUHVDKXMÛFLFK
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G�ìN P SU N QHXWUÔQV P f KRGQRW Q ≈ R#XEg GhT PI J P SU NW[ URWÔQV ≈ RFR1g G\T PI J �
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,QWHJUÂOQ � WRN� QHXWUÔQR� V � Y � YUFKQÞF � YUVWYÂF � DWPRVIÊU��� MHGHQ

UÂ � Y\{{L � DN � LQWHJUÂOQ � WRN� SURWÔQR�	� VPHUR 
 N SRYUFK � V ������ {XM � Dì

Q � G��� UÂG\ � - � W � VSÕVREHQ � ]DKUQXWÎ 
 QÎ]NRHQHUJHWLFNÞF ��� HXWUÔQR���
WLH ����� {{R � QHXWUÔQRYR � PXOWLSOLFLWRX � 3UÎVSHYR � QHXWUÔQR� N SURGXNFLL

NR]PRJÊQQ\F � L]RWRSR� V ��� EOÎ]NRVW � SRYUFK � =HP � VW ����� GRPLQDQWQÞP�

7RWÂOQ� WR ��� DVWÎ  "! ULPÂUQH �#�%$'& M � Q � SÔORF � ≈�� () P*,+ V*.- � Q � URY�
QÎ �/�� YÕ 01� VSRPÎQDQÊP � RGUH]DQL � QÎ]NRHQHUJHWLFNÞF � ðDVWÎ  324� RPDJQHWLF�

NÞ 
 SR�R 
 ≈�� 56 P*7+ V*.- 8 ] ð �9�#� SU � LF � SRPH : GRVWÂYDP � KRGQRW �<;/; ���
+RGQRW � WRKRW � SRPHU �! U � QDP � QDSRðÎWDQ � WRWÂOQ � WRN� SURWÔQR� ��� = DM
QHXWUÔQR� ��� > Q �?� UFK � DWPRVIÊU� M � Y � YH�P � GREUH@ ]KR �A� V WRXWR

KRGQRWRX � 8UðHQ � WRN� WHG � NRSÎUXM � WRN� SULPÂUQ\F � ðDVWÎ  B$C& Y GDQÞFK

REODVWLDFK�
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�� � 3URGXNFL � NR]PRJÊQQ\F����� NOLGRY
9{HWN� SURGXNFL � VP �
	 UðRYD �� VXPDUL]ÂFLR 	�� UÎVSHYNR� SURGXNFLÎ
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VSDODðQÞF � UHDNF �� ] UHDNF ��� �� ����� �����
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,QWHJURYDQÎ � K�ENRYÞF
�

SURILOR� SURGXNF ��� FH � FHO � KUÛENX

DWPRVIÊU� VP 	 
 Uð ����� WRWÂOQ 	  URGXNFL 	 MHGQRWOLYÞF
�

NR]PRJÊQQ\FK

L]RWRSRY � 9\SRðÎWDQ � ]ÂYLVORVW � WRWÂOQH� SURGXNFL 	 R � ]HPHSLVQH��� ÎUN� SUH���
%H � � %H � � ��� ��� & � V � ]QÂ]RUQHQ � Q � 2EUÂ] � 
"!$#%� 3U 	 Y{HWN� . &'� DM � WLHWR

]ÂYLVORVW � SRGREQ( WYDU � 9 VNXWRðQRVW � QL 	 M 	 PRìQ � QDPHUD� WRWÂOQH

SURGXNFL 	 ] 2EUÂ] � 
)!$#*� SUHWRì 	+� YÕ ��� SUHPLH{DYDQL 
 Y]GXFK 
 Y DWPRVIÊUH

V � WLHW , Y , Y{HWNÞF
�

]HPHSLVQÞF
�

{ÎUNDF
�

SULEOÎìL � SULHPHUQH� JOREÂOQHM

KRGQRWH � 3U � FLUNXOÂFLÂF � Y]GXFK 
 V �-� {D �� UHMDYXM � D� ORNÂOQ 	.	 IHNW\ � NWRUÊ
PÕìHP 	/ RPRFR 
 
 YHGHQÞF � ]ÂYLVORVW � UR]R]QD� �0� SUÎSD �1	2 RWUHE\
RGVHSDURYD� � NRQNUÊWQ 	 QDSU � SU � WYRUE 	 PUDNRY � 1 � WLHW , ÛðHO� V �3�4� XìÎYD
KODYQ 	 L]RWR  � %H��SU 	 MH � , PDO( SROðDV�UR]SD �5
 ��� G���NWRU( WLH 6 XPRì�XMH

VOHGRYDQL 	-� UÂWNRGREÞF � HIHNWR� RYSO\Y�XMÛFLF � SURGXNFL 
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=ÂYLVORVW � Q � 2EUÂ] ������� UHSUH]HQWXM 	 OH 
 SURGXNFL � R �� DODNWLFNHM
]ORìN� .ë � 3UHW � M � LF � SR]QDQL � YKRGQ � WLH � Q � XUðHQL � YH�NRVW � SURGXNFLH
MHGQRWOLYÞF � L]RWRSR��� ]HPHSLVQÞF � {ÎUNDF ��
 D ����� °�

5HODWÎYQ ��� URGXNFL ��� R]PRJÊQQ\F ��
 XNOLGR��� VWUDWRVIÊU ����� D]XMÛ
�2EUÂ]R � �"! � # ì ��� U � ]HPHSLVQ � {ÎUN� SUHVDKXM 	%$&�('*)+� ° V �,��- ð{LQ � WRWÂOQHM
SURGXNFL �.� VNXWRð�XM � Y VWUDWRVIÊUH � 6ÛYLV / W � ðLDVWRðQ �10 UR]GLHOQR � KUÛE�

NR � WURSRSDX 23� SU � UÕ]Q � ]HPHSLVQ � {ÎUN\���DO �4� UHGRY{HWNÞ 5 V K�ENRYRX
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   Relatívna produkcia v s tratos f7 re pre jednotliv7 š írkov7 pásma
   F it relatívnou produkciou
   Relatívna hrúbka s tratos f7 ry
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GLVWULEÛFLR ��� URGXNFL � QXNOLGR��� ]ÂYLVORVW � R � ]HPHSLVQH�
	 ÎUN� �2EUÂ]N\������
��� � 3ULHEH � UHODWÎYQH� SURGXNFL � Y VWUDWRVIÊU � M ��� U � MHGQRWOLY � .1

YH�P � SRGREQÞ � 9Þ]QD � XUðHQL
�
WÞFKW � ]ÂYLVORVW � M ��� UHGRY{HWNÞ ��� {WÛGLX

FLUNXOÂF ��� � ��� PHQ���� GXFK � PHG] � VWUDWRVIÊUR � � WURSRVIÊURX ! UHVS � Y {WÛGLX
SURFHVR� V WÞPLW � GYRP

�
MDYP � VÛYLVLDFLFK � = Y\SRðÎWDQÞF � UHODWÎYQ\FK

SURGXNF �"� Y VWUDWRVIÊU � M � PRìQ � � UðL� UH]LGHQðQ � # DV� MHGQRWOLYÞFK

NR]PRJÊQQ\F � L]RWRSRY � 9\XìÎYDM $ V
�
WLH
�
SU � {WÛGL � VÛYLV ��# DVRYÞF � YDULÂFLÎ

Y SURGXNF ��� V � ]PHQDP � NOLPDWLFNÞF � SRGPLHQRN � 0HUDQL �%� URGXNFL � .1

Y VWUDWRVIÊU � ERO � DSOLNRYDQ ��� U � VNÛ{NDF � MDGURYÞF � ]EUDQÎ ! Q � XUðHQL �&# D�
VX ! NWRU� M �'� RWUHEQ� Q

� �(� ðLVWHQL � DWPRVIÊU\ � $� SU � QHGRNRQDOR � SUHPLH�

{DYDQ � DWPRVIÊU� V � XNÂ]DOR��ì � WHQW � ðDV�QHSUHVDKXM � MHGH ) URN�

,QWHJUÂFLR �*� URGXNFL �,+-�. FHO $ KUÛE /0� DWPRVIÊU� �
FHO� LQWHUYDO

]HPHSLVQÞF � {ÎUR / VP �1� RVWD 2�� SULHPHUQ $�3 OREÂOQ ��� URGXNFL � MHGQRWOLYÞFK

NR]PRJÊQQ\F � L]RWRSR�4� ]HPVNH� DWPRVIÊUH � .YÕ 2�� SUHPLH{DYDQL � Y]GXFKX

Y DWPRVIÊU � V
�
SUHGSRNODGÂ ! ì � KRGQRW� SURGXNF ��� PHUDQ �5� �DGRYFRFK�

RFHÂQRFK ! UHVS � Y ]UÂìNDFK !768$%� UÂY � KRGQRWDP � VWUHGQH� JOREÂOQH� SURGXN�
FLH � 9 7DEX� /9�;: V $ ]D]QDðHQ � QD{ � YÞVOHGQ � VWUHGQ �<3 OREÂOQ �<� URGXNFLH
VSRO � V KRGQRWDP � QDSRðÎWDQÞP � 0DVDULNR � �

5HHG\ � >� = SU �>� URGXNFLX
?A@CB�D�EGFH@JI K�LNMPO(QROSLUT0VJW(XZY\[^]_X`T0OJa^LUY�b-c.dHefMZOJdgY�h8QRY-WHVSTiT�j_elkmMPhfY�n�Y-a.Y�o�p

q Y-h8QRY�WgV(TiT�j r nGLsO(b�Ti]tW�XPY-[�]_XPTiuta^LUY�b-c.dgevMPuw uSnyx-Qzj{elQ | } ~ |�� �
T.c^d�X`MPb �J]���Q4Y�b^O�X �4u�~�u�LNM`d�����O(O�bgj wG� � �m���7LNMPO(T wZ� �s� w��C� �
�G� �7O � p ���C��� � p �H�(��� � p �H�(��� � p �H�(�g�� �7O � p �H�-�_� � p ���_�(� � p �g���H� � p �g�-�� � � p ����� � p �g� � p ����� � p ���g���  ¡ X � p ��� ⋅

�_� ¢ £ � p �C� ⋅
�_� ¢ � � p ��� ⋅

�C� | £ � p �g� ⋅
�C� | £

JDODNWLFNR � ]ORìNR �5¤�¥ �
SURGXNFLDP � XUðHQÞP � 2s%ULHQR �¦� >� = � >��@�

1D{
� �(� SRðÎWDQ § SURGXNFL

� ¨�©
% � M � EOÎ]N �ª�{� GQRW �«� UðHQH� 0DVDULNR � D

5HHG\P !¬�H� Y{D / QLì{L
��

N �*�{� GQRW����� SRðÎWDQ � 2s%ULHQR � �
WLH
�®�

NR

KRGQRW
�
XUðHQ §5 PHUDQ � Y RFHÂQRFK ! �� ¯ 9° DWÔPR� FP±v² V± ¨ >��@ ! UHVS�

] PHUDQ � Y ]UÂìNDFK ! ����� ± �� ¯9¯9³ DWÔPR� FP±v² V± ¨ >��@ � 1D{ � Y\SRðÎWDQÊ
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SURGXNFL � � � V � QLì{L � DN � ýDO{L � KRGQRW� XYHGHQ � Y 7DEX� ���
	�� 9H�PL

GREU � Y{D � VÛKODVL  V GÂWDP � Y\SRðÎWDQÞP � VNXSLQR � YHGHQR � 1LUR � >��@�

NWRU � XUð ����� SURGXNFL ��� � ��� DWÔPR� FP� � V� � � 1D{  SURGXNFL  � % � M � QLì{LD

DN � XYHGHQ � � URGXNFL � LQÞF  DXWRURY ! RNUH � SURGXNFL � � UðHQHM
0DVDULNR �" 5HHG\ � >�@ � +RGQRW� SURGXNFL � �$# & � V 
� H�P � GREU � ]KRGXMÛ
V ýDO{ÎP � KRGQRWDP � XYHGHQÞP � Y 7DEX� ���%	�� 9 � Y{HREHFQRVW � V � VWUHGQÊ

JOREÂOQ � � URGXNFL � MHGQRWOLYÞF  NR]PRJÊQQ\F  L]RWRSRY ! NWRU � VPH

SRðÎWDOL ! QLì{L � DN � PHUDQÊ ! UHVS � Y\SRðÎWDQ � KRGQRW� XGDQ � Y SUÂFDFK

LQÞF  DXWRURY � - � W � SUDYGHSRGREQ � VSÕVREHQ � QDP � SRXìLWR � DSUR[L�

PÂFLR �&� U � ULH{HQ � WUDQVSRUWQÞF  URYQÎ ')(+* Y DWPRVIÊUH�

%R ��� WLH , XVNXWRðQHQ � PHUDQL  SRPHUR� SURGXNF ��� WÞFKW �-(/. Y QLH�

NR�NÞF  Y]RUNÂFK ! D01���32 QL � M � MDVQÊ ! ð � WDNÊW � SRPHU� UHSUH]HQWXM �4� UR�
GXNðQ � UÞFKORVW � Y DWPRVIÊU � �QDSU � WLHW � SRPHU�5� ]UÂìNDF  V  PHQLD��

1DP � XUðHQ �6� URGXNðQ �6� RPHU� � %H� �$# & �7 �98 %H� �$# & � V �;:�<

=?>
 VÛ

RP @A�� A� Y\{{L � DN � SRPHU�CB ÎVNDQ �D� >�@ !E�F�G �� ! UHVS � PHUDQ �-� RPHU\

Y ]UÂìNDF  >��@ !H��IJ� PD ��� RELG�K KRGQRW �L�K�M� 6WUHGQ N PHUDQ N KRGQRWD

SRPHU � �98 %H� �$# & � Y XVDGHQLQÂF  6� �DGRYFRF  ] &DP � &HQWXU�D� *UÔQVNX
>�� O M �P<�� 3URGXNðQQ SRPH R �98 %H� � % � M � YH�P � GÕOHìLWQ SU � {WÛGL � DWPRVIH�

ULFNÞF  SURFHVR� >��@ � 1D{  KRGQRW  WRKRW � SRPHUX ! ��� !M0�� QLì{L % NR
KRGQRW  XUðHQ NS� >�@ ! ��� ! UHVS � DN �T A� GQRW�G�K� Y]RUNÂF  ]R]ELHUDQÞFK

Y ðDVRF  6@ Î]N\F  WRNR� VOQHðQÞF  SURWÔQR� XYHGHQ �P� >��@ � - � Y{D � YH�PL

EOÎ]N �7 A� GQRW � RGKDGRYDQHM�� >��@������
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�� � (IHNW��� PLH � JHRPDJQHWLFNÊ ��� SR�D
'LSÔOR�
	 FKDUDNWH � JHRPDJQHWLFNÊ �� SR� � QÂ � X � SU � SRðÎWDQ � WRNRY

ðDVWÎ ����� Â]D � YH�NRV� YSO\Y � ]PHQ� LQWHQ]LW� SR� � SU ��� DQ � PLHVW  �!� =HPL

Q � SURFHV� SUHELHKDM "#�$�&% U �!� QWHUDNFLÂF �('*) Y DWPRVIÊUH + 1DP � QDSRðÎWDQÊ
WRWÂOQ �,% URGXNFL �,� R]PRJÊQQ\F � L]RWRSR� -/. %H 0 1 %H 0 2 34� 265 & � Y ]ÂYLVORVWL
R �879� RPDJQHWLFNH: ]HPHSLVQH:<; ÎUN� SU � UÕ]Q � KRGQRW� PXOWLSOLNDðQHM

NRQ{WDQW� 0 V " ]QÂ]RUQHQ � Q � 2EUÂ]NRF �>=@?A�B� �� + 3ULHEHK� SU � 0  �� CEDGF
�� H VP � UHDOL]RYD �I� ]PHQR � YVWXSQÞF � YHUWLNÂOQ\F � FXWR JKJL� LJLGÎW 0 SULHEHK\
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8YHGHQ b IXQNFL a PÕì y E\� SRXìLW b Q ` XUðHQL azd URGXNF hT{ . c f̀| QLFK
VSÅWQ a WRNR} ðDVWÎ ~ .ë � D ��d R]QÂP a YDULÂFL a��ua RPDJQHWLFNÊ ��� SR�D � UHVS�
S � Y\MDGUHQ {Rh QYHU]QÞF � IXQNF hT{ PÕì y E\� ] � ]QÂP\F � SURGXNF hK{ MHGQRWOL�
YÞF � NR]PRJÊQQ\F � L]RWRSR} XUðHQ b YDULÂFL a LQWHQ]LW� JHRPDJQHWLFNÊKR
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PLHVWDF
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SRNODGH � ì � YWHG" GR{O � 
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 UÂWNRGREÊP � � UHSÔORYDQL � PDJQHWLFNÊ
# � SR�D

=HP � � WÞ � 
 ]QÎìHQL � MH
# � LQWHQ]LW" WDNPH ' Q � QXOX��V � SRGDULO � XYHGHQÞP

SRVWXSR � Y\VYHWOL� �� 6 ]YÞ{HQHM�SURGXNFLH�



48

�� � (IHNW��� PLH � VOQHðQH� PRGXOÂFLH

=PHQ� VOQHðQH� DNWLYLW�	� UÂPF 
 VOQHðQÞF � F\NOR� V � SUHMDYXM  ]PH�

QR � PRGXOÂFL ��� ULPÂUQH ��������� WLHW � ]PHQ� V �� DOH� YLGLWH�Q � D� Y KRGQR�
WÂF � WRNR� ðDVWÎ � Y DWPRVIÊUH � UHVS � Y SURGXNF 
�
 .1 � 1 � 2EUÂ]NRF �! #"$�&% ��
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���  SRXìLWÞF � DSUR[LPÂF ��� SU � ULH{HQ � WUDQVSRUWQHM
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��� LV � R ��� QHUJL ��� W\ ��� � DVWÎF�

1 � GUXKH��! WUDQ � M �"� RWUHEQ # ]DP\VOLH� V � QD �$� UHVQRV�R � YVWXSQÞFK

ÛGDMRY � .Hýì � IRUPXO � �� % SRSLVXMÛF � VSHNWUX & ðDVWÎ '(� ULPÂUQH �)�+*-, MH

HPSLULFNÞ & Y]�DKRP �.� H� DSOLNRYDQL � M � VSRMHQ # V � ]DKUQXWÎ & MH� FK\E\�

NWRU � V � SRG� � >� / SRK\EXM � Q � ÛURYQ � a�� � üDO{Î & YVWXSQÞ & SDUDPHWURP

V 0 YHUWLNÂOQ �1'2� WR 343�5 LJLGLW\ � NWRUÞF � FK\E � SRG� � SRXìLWÊ �)� ]GURM � >��@

QHSUHVDKXM �"6 � � 1H]QDORV� SUHVQÞF �7�)� GQÕ 8 ÛðLQQÞF � SULHUH]R� SU � Y{HWN\
XYDìRYDQ # VSDODðQ # UHDNFL � M � QDMYÅð{R �:9 RPSOLNÂFLR �:� RSÎVDQÊ �)� PRGHOX�

6SÕV �<; YÞEHU � QDP � SRXìLWÞF � ÛðLQQÞF � SULHUH]R� VSRO � V SUHGSRNODGDQÞ�

P � KRGQRWDP �=� F � FKÞ ; VP �>� YLHG ?�� Y ðDVW � ����� � 3UÎVSHYNR & N QHSUHVQRVWL

LF � XUðHQL � M � D��! SÕV �@; LQWHUSROÂFLH � NWRU	 VP � Q �A ÎVNDQL � KRGQÕ 8 ÛðLQ�
QÞF � SULHUH]R� SU � VSRMLW	 LQWHUYD ? HQHUJL �:� RXì �B?�� �OLQHÂUQ � LQWHUSROÂFLD��

7HQW � VSÕV �<; VP � Y{D 9 ]YROLOL � SUHWRì �C' K\ED � NWRU � MH �)� DSOLNRYDQÎP

Y]QLNOD��M � ]DQHGEDWH�Q �D�� K�DGR & N FK\E � VDPRWQÞF � ÛðLQQÞF � SULHUH]RY�
3U � GÕVOHGQR & XUðRYDQ � FK\EE EE ERO � SRWUHEQ # � YDìRYD� DM

SUÎVSHYNE R � ]DQHGEDQÎ � NWRU # Y]QLN ?B� YÞEHUR & SRXìLWÊ �)� PRGHO � =HPH

�GLSÔOR�F�G� SUR[LPÂFL � JHRPDJQHWLFNÊ �)� SR�D � SULEOLìQ #H' KHPL '29I# ]ORìHQLH�
KUDQLðQ # MDY\ � DWý�� � 7LHW � FK\EEJ� {D 9K9 YÕ ?��L� F � ]DQHGEDWH�QRVW � YRð � RVWDW�
QÞ & YÕE �M' QHXYDìXMHPH�

9ÞVOHGQ # QHSUHVQRVW � Y � Y\SRðÎWDQÞF � SURGXNFLÂF � V 0 QH]QÂPH�

SUHWRì � QHSR]QÂP � YÂK � VSRPÎQDQÞF � Y\VWXSXMÛFLF � IDNWRURY ��N F �:�)� GQRWD
V �O� {D 9P� RG� � QÂ{ �)�Q� GKD �.�R� RK\EXM �S� R � KUDQLFR �T' K\EE ÛðLQQÞFK

SULHUH]RY � WHG � a��w��� � Y NUDMQR & SUÎSD �U� Y\VWXSXM � DN � IDNWR 5 � � ð � MH

Y{D 9 DV � ]QDðQ �"�V� VLPLVWLFN	 RGKDG � 3U � DSOLNÂF ��� QÂ{ �)� PRGHO � Q � H[WUDWHU�
UHVWULÂOQ � Y]RUN\ � SU �S9 WRU # M �W� RURYQDQL �S! H[SHULPHQWÂOQ\P � GÂWDPL

SUHVQHM{L � �QHWUHE � XYDìRYD� WUDQVSR 5
8I� WHUðL � JHRPDJQHWL '29I#X� ROH� � ERO �Y� R
YÅð{LQ ��� UÎSDGR� GRVLDKQXW �� KRG � Q � ÛURYQ � a��w�� � >��@�
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9 SUHGNODGDQH� SUÂF � VP � Q � SRSL � SURGXNFL ��� WUDQVSRUW ��� DVWÎF
JDODNWLFNH� ]ORìN	�
� Y ]HPVNH� DWPRVIÊU ��� RXì ����� DQDO\WLFN� PRGHO � 7HQWR
PRGH � XPRì�XM � Y\SRðÎWD� GLIHUHQFLÂOQ � WRN	 ðDVWÎ � DN � IXQNFL � QDGPRUVNHM

YÞ{N\ � FKHPLFNÊ ��� ]ORìHQL ��� JHRPDJQHWLFNH� ]HPHSLVQH��� ÎUN	 SU � UÕ]QH

SRðLDWRðQ ��� RGPLHQN	 SULPÂUQH ��� ìLDUHQLD � 9\SRðÎWDQ � WRN	 ðDVWÎ � VPH

SRXì ����� Q ��� � SRðH ! SURGXNF ��" . # Y ]HPVNHM�DWPRVIÊUH�

8UðHQ ��� URGXNFL ��$ R]PRJÊQQ\F � L]RWRSR� %'& %H � ( %H � ) *+� )-, & � VÛ
Y UHODWÎYQ ��. REUH� ]KR ./� V SURGXNFLDP � XYÂG]DQÞP � Y SUÂFDF � LQÞF � DXWR�

URY � 9 � Y{HREHFQRVW � V 0 Y{D $ LF �1��� GQRW	 QLì{LH � ð � M �2� RG� �3� {HWNÊKR
VSÕVREHQ �4� RXìLWR � DSUR[LPÂFLR �5� LQÞP � ÛðLQQÞP � SULHUH]PL � 3U �6� ]RWRSH
( % � M � W � VSÕVREHQ � WLH 7 KRGQRWDP � QDP � SRXìLWÞF � ÛðLQQÞF � SULHUH]R� SUH

UHDNFL � %'8 1�S� 9 ;� ( %H � 9\SRðÎWD ��� VP � ]ÂYLVORVW � JOREÂOQ\F � SURGXNF ��" XYHGH�
QÞF �;: XNOLGR� R . YDULÂF ��" Y LQWHQ]LW � PDJQHWLFNÊ ��� SR� � =HP �5� VOQHðQHM

DNWLYLW\ � 2EODV� Y\XìLWL �<� � VOHGNR� M � YH�P � UR]VLDKOD � ]DK�� � QDSU ��� WÛGLXP
WUDQVSRUW � Y]GXFK � Y DWPRVIÊUH � GDWRYDQLH �=� WÛGLX > HUÔ]LH � 8UðHQ �5� PSL�

UL �?$@� IXQNFL � Y\MDGUXM 06�A� ]ÂYLVORV� SURGXNFL � . # R . YDULÂF ��"B� QWHQ]LW\
PDJQHWLFNÊ ��� SR� � =HPH � UHVS �C� OQHðQH� DNWLYLW\ �D�E� PRìQ � DSOLNRYD� QD

UHNRQ{WUXNFL � KLVWÔUL �GFH� RPDJQHWLFNÊ ��� SR�D��UHVS��VOQHðQHM�DNWLYLW\�

9H�N IJ�K� KRG � ULH{HQL �ML ÎVNDQÊ ��� Y UÂPF � 3DVVRZRYH� DSUR[LPÂFL � MH

Y WRP � ì � M �5. DQ � DQDO\WLFNÞ > YÞUD]RP � ð � YÞUD]Q � ]MHGQRGX{XM �5� KODYQH

XUÞFK�XM � VDPRWQ � YÞSRðW	 SURGXNFLÎ � 1 � GUXKH�N� WUDQ � M � Y{D $O� RXìLWÂ
DSUR[LPÂFL � KUXE IP� MH� ]RGSRYHGDMÛFL > ULH{HQÎ > V 0Q. REU ��� RSÎVDQ � LED

]ÂNODGQ ��� UW	 KDGUÔQRYH� NDVNÂG\ � Y QD{R > SUÎSD ./� MH�R� WUHGQRS��M� \VRNR�
HQHUJHWLFN IRL ORìND � 1DP � SRXìLW I PHWÔG � M � OH : MHGQR � ] PHWÔG � NWRU � VD

{WXGXM 0 Q � .-) � -H� DSOLNÂFL � ERO �T� 	 EUDQ I�L GÕYR .U�V� RURYQDQL � ÛSOQRVW � D
SUHVQRVW � MHGQRWOLYÞF � PRGHORY � )\]LNÂOQ � QDMðLVWHM{R �N� QDMGHWDLOQHM{R � MH

PHWÔG � LK� ORìHQ I Q � VWRFKDVWLFNR > VLPXORYDQ " SURFHV � � URGXNFL � D

WUDQVSRUW �W� DVWÎ�
1 � SUÎNOD ./� ULH{HQL �XL ÎVNDQÊ ��� Y UÂPF � 3DVVRZRYH� DSUR[LPÂFL � MH

GREU �R.Y� PRQ{WURYDQ I W\SLFN I ðUW �W� QDO\WLFNÞF � SUÎVWXSR�[ZP� DUDPHWUL]ÂFLD
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YHOLðÎQ � 3RXìLWL ��� DUDPHWURY � NWRU � V � SRWR � XUðXM � � RURYQDQÎ � V H[SHUL�

PHQWRP � SUREOÊ � ]QDðQ � ]MHGQRGX{XMH �
	�� ]ÂURYH� �� NRQNUHWL]XM � � WÞP
]QDðQ � ]QLìXM � REODV� DSOLNRYDWH�QRVWL�

3RG� � QD{LF  VNÛVHQRVW � VSRðÎ������� KRG � XYHGHQH� PHWÔG��� PDOHM

ðDVRYH� QÂURðQRVW � YÞSRðWR����� W ���� Y\SOÞYDMÛFH��� LU{H� DSOLNRYDWH�QRVW � DNR
M � W � SU � PRGHORF  ]DORìHQÞF �	�� VWRFKDVWLFNÞF  VLPXOÂFLÂFK�

'ÛIDPH � ì � YÞVOHGN� � ÎVNDQ � Y WHMW � SUÂF � SULVSHM �"! {WÛGL # � URGXNFLH
NR]PRJÊQQ\F $	 XNOLGR�%� DWPRVIÊU � � QÂM &'#(# � ODWQHQL � D� Y ýDO{ÎF )� GYHW�
YLDF  YÞVNXP # � URFHVR� SUHELHKDMÛFLF *	�� =HP �+�,�-� YHVPÎUH�
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>�@ 5HHG� 5�& ��� $UQRO � -�5 ��� /D � ' ��� &RVPLF�U 	
� UHFRU � L � VROD � V\VWHP

PDWWHU��$QQX �� H �� (DU ��� 3ODQH ��������� �������w��������

>�@ &DVWDJQR ��� *�& ��� /D � ' ��� 6ROD � PRGXODWL � � HIIHFW � L � WHUUHVWULDO

SURGXFWL � � �! FDU " � � ����5DGLRFDUERQ��������w���������

>�@ 5HHG� 5�& ��� 0DUW � . ��� 6RODU�&RVPLF�5 	
� IOX[H � GXULQ # WK $ ODV %&% HQ
PLOOL � � \HDU � � LQ � 7K ' 6 (*) L ) 7LPH � 6RQH %+% &�3 ��� *LDPSDS 	 0�6��

0DWWKHZV�0�6���HGV���SS�����w�����8QLY��$UL]RQ 	 3UHVV��7XFVRQ������

>�@ 9D � +ROOHE $�,-$ 0�$ �/.0��� 0 	 6XQJ /�6 ��� 0F'RQDO � )�% ��� 6ROD 132 K\V  ���
���w���������

>�@ 0DVDUL , - ��� 5HHG� 5�& ��� 7HUUHVWULD � FRVPRJHQLF�QXFOL � $54 URGXFWLRQ
V\VWHPDWLF � FDOFXODW $ � IUR 6 QXPHULFD � VLPXODWLRQ � � (DU ���87 Q 9 3ODQHW�

�������: HWWHUV���������w���������

>�@ &HUOLQ # 7�( ��� &UDL # + ��� *HRPRUSKRORJ�;	 Q � LQ�VLW <>= RVPRJHQLF

LVRWRSHV��$QQX �� H �� (DU ��� 3ODQH ��������� �������w���������

>�@ 5HHG� 5�& ��� $UQRO � -�5 ���?. QWHUDFWL � � �@� 6ROD � DQ � *DODFWL = &RVPLF�

5 	
� 3DUWLFOHV�ZLW A WK $ 0RRQ��-  *HRSK\V �� HV  �������w���������

>�@ /D � ' ��� 3HWHU � % ��� &RVPL = U 	
� SUR �B<C= $ � UDGLRDFWLYLW� � � WK $ED DUWK � LQ�
+DQGEX �F�G9 HU�3K\VLN��;/9,����6SULQJHU��%HUOLQ��SS�����w���������

>�@ 2s%ULH �IHJ��� 6HFXOD � YDULDWLRQ � L � WK $K4 URGXFWL � � �! FRVPRJHQLF

LVRWRSHV�L � WK $LD DUWKsV�DWPRVSKHUH��-  *HRSK\V M� HV  �������w���������

>��@ 2s%ULH � HJ���N� $ O 	 =HUG 	 /HUQH � $ ��� 6KH 	 0�$ ��� 6PD � % '�)��

7K $O4 URGXFWL � � �! FRVPRJHQL = LVRWRSH � L � WK $PD DUKWs � DWPRVSKHUH

DQ � WKHL � LQYHQWRULH � � LQ � 7K ' 6 (B) L ) 7LPH � 6RQH %+% &�3 ��� *LDPSDSD

0�6 ��� 0DWWKHZ � 0�6 ��� HG � ��� SS � ���w��� � 8QLY � $UL]VRQ 	 3UHVV�

7XFVRQ������

>��@ %OLQRQ $ ��� 7K $ � $�4C$ QGHQ = $ R  FRVPRJHQL = LVRWR 4C$84 URGXFWL � � UDWH

� � VROD � DFWLYLW�R	 Q � #!$ RPDJQHWL = ILHO � UDGLDWLRQ � LQ � 6HFXOD 1 6ROD 1 DQG
*HRPDJQH ���S�NT-7 ULDWLR )!U L ) WK ' /DV �WV�XYXZXZX\[ HDUV � 6WHSKHQV � � )�5��

:ROIHQGDO $ $�:���HGV������w�����.OXZH � $FDGHPL =J]̂ < EOLVKHUV������
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>��@ &KDPSLRQ � .�6�: ��� &ROH � $�( ��� .DQWRU � $�- � � 6WDQGDU � DQ
�
UHIHUHQFH

DWPRVSKHUH � � LQ � +DQGERR �	��
 *HRSK\VLF � DQ ������ 6SDF ����� YLURPHQW�
-XUVD � $�6 ��� HG ��� SS � ��w�w��w�� � $L � )RU ��� *HRSK\ � � /DERU ��� 8�6 � $LU
)RUFH������

>��@ 6KHD � 0�$ ��� 6PDUW � '�) � � :RUO
���

UL
�
R � FDOFXODW � � � RVPL � U � � FXWRII

ULJLGLWLHV�IR � HSRF ! ������3U �#"%$'&)(*�+� ,&5 , 9RO�������w���������

>��@ %ODQG � &�- ��� &LRQ - * � � *HRPDJQHWL �.�0/ WR �1�2� LJLGLWLH � L 3436573 wYHUWLFDO
GLUHFWLRQV��(DU ���98 Q  3ODQH �:$<;)"%=>$@? HWWHUV�������w���������

>��@ 3DVVRA & ��� 3KHQRPHQRORJLVFK � 7KHRUL � ]X � %HUHFKQXQ
� � LQHU

.DVND
� � DXV�VFKZHUH 3�B HLOFKH 3 �1XNOHRQHQNDVNDGH C L 3 GH � 0DWHULH�

1 � �D=FE G �����'HXW��(OHFWURQ��6\QFKURWURQ��+DPEXUJ������

>��@ 0DVDUL H - ��� 5HHG\ � 5�& � (IIHFW � R � EXO HI� KHPLFD J FRPSRVLWL 573K5L3
QXFOL

� �9M URGXFWL 573 SURFHVVH � L 3 PHWHRULWH � � *H �N"O�<=>PQ$ &RV PR�N"O�<=:PS$@TR"U�D8
��������w����������

>��@ 5HHG\ � 5�& ��� 0DVDULN � - � � &RVPRJHQLF�QXFOL
� � � ��M W ! SURILOH � L 3 WKH

OXQD � VXUIDFH��/XQDU�3ODQH �D$<;<"V=W$ ��������w����������
>��@ 1LU � $ ��� .UXJHU � 6�7 ��� /LQJHQIHOWHU � 5�( ��� )ODPP � (�- � � 1DWXUD J WULWLXP�

5H X�$ *HRSK\V $ ������w���������
>��@ %RGHPDQQ � 5 ��� /DQJH � +��- ��� /H\D �LYZ��� 0LFKHO � 5 ��� 6FKHLNHO � 7 ��� 5×VHO�

5 ��� +HUSHU � � 8 ��� +RIPDQQ � +�- ��� 'LWWULFK � % ��� 6XWHU � 0 ��� :×OIOL � :��

+ROPTYLVW � % ��� &RQGÊ � + ��� 0DOPERUJ � 3 � � 3URGXFWL 573[5 �\� HVLGXDO
QXFOH - E� SURWRQ�LQ

� /]��� � UHDFWLRQ �̂ 573̀ _ � 1 � 2 � 0J � $ J DQ �ba
L � 1XFO�

,QVWUX PQ$ 0HWKRGV�%�����w��������

>��@ 5DLVE �)��H *�0 ��� <LRX � ) � � 7K � DSSOLFDWL 5L3c5 � QXFOHD � FUR �V�d� HFWLRQ
PHDVXUHPHQW � W 5 VSDOODWL 573 UHDFWLRQ � L 3 FRVPL � UD\ � � LQ � 6SDOODWLRQ
1XFOHD e 5HDFWLR � DQ �fg� HL e $SSOLFDWLRQV � 6KHQ � %�6�3 ��� 0HUNHU � 0 ��� HGV��
SS����w�����5HLGHO��'RUGUHFKW������

>��@ 5H\ �V� � -��/ ��� <RNR\DPD � < ��� *XLFKDUG � ) � � 3URGXFWL 5L3 FUR �V�̂ � HFWLRQ � RIhOi
$O � hOh

1D � j % � IUR k DUJ 5L3 DQ
�

R � lnm %H � j % � IUR k QLWURJHQ�

,PSOLFDWLRQ � IR � SURGXFWL 573 UDWH � R� hOi
$ J DQ

� lnm % � L 3 WKH

DWPRVSKHUH��(DU �'�'8 Q  3ODQH �D$<;<"V=W$o? HWWHUV��������w���������
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>��@ 1DNDPXUD � 7 ��� 6XJLWD � + ��� � PDPXUD � 0 ��� 8ZDPLQR � < ��� 6KLEDWD � 6��
1DJDL � + ��� 7DNHEDWDNH � 0 ��� .RED\DVKL � . ��� 0HDVXUHPHQ � R� ORQJ�OLYHG	�

%H � 	�� �� ���

$ � SURGXFWL ��� FUR ����� HFWLRQ � IR ����� �"!#� 0H$ QHXWURQ � E\
DFFHOHUDWR � PD ���%� SHFWURPHWU\ � LQ � 1XFOHD & ' '#(�'*),+-& 6FLHQF . DQG

7HFKQRORJ\��4XDLP��6�0���HG���SS�����w�����6SULQJHU��%HUOLQ������

>��@ 2s%ULHQ � . ��� 6DQGPHLHU � +�$ ��� +DQVHQ � *�(�� &DPSEHOO � -�( ��� &RVPLF
U
�0/

LQ 132547681 QHXWU ���:9 DFNJURXQ 1 VRXUFH � DQ 1 IOX[H � IR � JHRPHWULHV
R � DL � RYH � ZDWHU � JURXQG � LU ��� DQ 1 DOXPLQLXP � - ; *HRSK\V ;�< HV ; ���
���w���������

>��@ %HHU � - ��� 0HQGH � : ��� 6WHOOPDFKHU � 5 ��� :KLWH � 2�5 ��� � QWHUFRPSDULVRQV
R � SUR[LH � IR � SDV � VROD � YDULDELOLW\ � LQ � &O =?> '#( =?@BA ' ULDWLR C"D DQ EBF + UFLQJ
0HFKDQLVP D +G)H(�IJ. /DV (LK�MNM#MPO HDUV� 1$7 Q $6 R 6HULHV S 9RO TVU �� � -RQHV�
3�' ��� %UDGOH\ � 5�6 ��� -RX]HO � - ��� HG �W��� SS � ���w��� � 6SULQJHUw9HUODJ
%HUOL � +HLGHOEHUJ������

>��@ %HHU � - ��� -RKQVHQ � 6�-�� %RQDQL � * ��� )LQNHO � 5�& ��� /DQJZD\ � &�&��
2HVFKJHU � + ��� 6WDXIIHU � % ��� 6XWHU � 0 ��� :RHOIOL � : ��� 	�
 % 6YX56 DN � D � WLPH
PDUNHU � L � SROD � L 4�6*4 RUH �Z� LQ � 7K . /DV ( 'HJODFLDWLRQ � $EVROXW . DQG

5DGLRFDUER C &KURQRORJLHV� 1$7 Q $6 R 6HULHV S 9RO T8U � � %UDG � ( ��� %URHFNHU�
:�6���HGV���SS�����w�����6SULQJHUw9HUOD [ %HUOL � +HLGHOEHUJ������

>��@ 0RQDJKDQ � 0�& ��� .ULVKQDVZDPL � 6 ��� 7XUHNLDQ � .�. ��� 7K 6 [ OREDO�
DYHUD [ 6\X URGXFWL ��� UDW 6 R � 	�


%H � (DU (�I]' Q E 3ODQH (^;`_ @a= ;Bb HWW .c& D ���
���w������������

>��@ .QLH �Z� '�/ ��� (OPRUH � ' ��� 6KDUPD � 3 ��� 9RJW � 6 ��� /L � 5 ��� /LSVFKXW] � 0�(��
3HWW\ � * ��� )DUUHOO � - ��� 0RQDJKDQ � 0�& ��� )ULW] � 6 ��� $JHH � ( ��� d %H � 	�
 %H
DQ 1 e � & �"fg� SUHFLSLWDWLRQ��1XFO ; ,QVWUX > ; 0HWKRGV ; %�������w���������

>��@ &RQUDG � 1�- ��� .XEL hji �: ��� *RY 6 +�( ��� (OPRUH � ' ���lk e � & � SURILO 6 LQ
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